Aims: The treatment of gastric cancer has changed in the western countries during the last decade. This includes multidisciplinary team (MDT) meetings, perioperative chemotherapy, extended lymph node dissection, and laparoscopic surgery, all of which were gradually implemented at our department from 2008. The aim of the present study was to determine the effect of these changes on morbidity and survival. Material and Methods: 185 patients with gastric cancer were operated with curative intent from 2000 until 2016 in this retrospective, observational, follow-up study; 83 before implementation of modern principles in 2008 (period 1) and 102 were treated after 2008 (period 2). Results: The resection rate (94% vs 92.8%) and mortality rates (4.8% vs 2.9%) did not differ between the two periods. In period 2, 48 patients (47.1%), received neoadjuvant chemotherapy. In 36 patients (35.3%), laparoscopic surgery with D2 lymphadenectomy was performed. There was a significantly higher yield in the number of lymph nodes in period 2 compared to period 1 (14 vs 8, p < 0.001). This is also apparent between laparoscopic and open The five-year survival rate was significantly improved after the change in treatment principles with an estimated improvement from 30% to 40% between the periods (p = 0.033). Conclusion: The combined effect of MDT meetings, neoadjuvant chemotherapy, extended lymphnode dissection and laparoscopy has improved the prognosis of gastric cancer patients.
Introduction
Gastric cancer ranks as the second leading cause of cancer-related death in the world and is the fourth most common cancer worldwide [1] . In Norway (population 5.3 million), as in most western countries, there has been a steady decline in the incidence of this cancer in the last four to five decades, with less than 500 new cases annually. Even though the survival rate has improved in the same period from 12.5% in the period 1971-1975 to 23 .9% in the period 2006-2010, the survival rates of gastric cancer are still low compared to other forms of cancer [2] . During the last decade, several improvements have been incorporated in the treatment. Neoadjuvant chemotherapy has been shown to improve survival [3] .
Standardization of surgery, especially with emphasis on extended lymphadenectomy at the D2 level according to the Japanese and Korean guidelines [4] [5] , also improved survival rates [6] . The implementation of multidisciplinary team (MDT) discussions to improve preoperative staging and optimize treatment selection [7] [8] , reduction in number of surgical units to increase volume per surgeon and center and the use of laparoscopic surgery are also considered important quality-enhancing factors [9] . Neoadjuvant chemotherapy and MDTmeetings were introduced in Norway in 2006 [10] , and implemented at our institution in 2008. The surgical technique was standardized and the number of surgeons involved was reduced. A strict adherence to D2 lymphadenectomy, performed laparoscopically by selected surgeons, has been our standard from January 2013. The purpose of this study was to evaluate the effects of these combined measures with regards to morbidity and survival of gastric cancer patients.
A comparable study was conducted by Bringeland et al., but did not show any difference before and after introduction of perioperative chemotherapy [11] .
Materials and Methods
diagnosed with locally advanced disease and were treated with palliative procedures. In six patients, gastric cancer was diagnosed during emergency surgery due to other suspected diseases and/or perforation. Ten patients had severe comorbidity and four patients refused surgery, leaving 185 patients for potential curative treatment, 83 before 2008, and 102 after 2008 (Figure 1 ). These patients were included in this retrospective, observational, follow-up study with an intention-to-treat design. The sample size was calculated based on an assumption of a 20% increase in five-year survival (from 20% to 40%) after the changes in treatment at our department. With a test strength of 80, and level of significance of 0.05, the calculated number of patients needed in each group was 79 patients.
The variables that needed to be analyzed were the use of perioperative chemotherapy, the surgical technique (open vs laparoscopy), the level of lymphadenectomy (D1 vs D2) as well as operative characteristics to compare the groups.
From 2008 onwards, the department made several changes in the treatment principles; the use of neoadjuvant chemotherapy, MDT meetings, laparoscopic surgery and D2 lymphadenectomy, creating a logical distinction of the material into two groups.
Every patient was subjected to a preoperative work-up as soon as the cancer was diagnosed by endoscopy with a highly suspicious lesion and/or positive findings on biopsy.
Clinical work-up A thorough examination with laboratory work-up and evaluation of relevant comorbidities were performed. Patients in need of optimization were referred to relevant specialists.
Radiology
All patients were subjected to radiological staging with thoracoabdominal CTimaging to evaluate the local, regional and distant aspects of their disease. At the end of period 2, a specific CT of the distended stomach by CO 2 tablets was implemented in the protocol for evaluation of the tumor. per orally (po) (EOX-regime) for nine weeks were administered preoperatively.
Four to six weeks after completion of this course, the patients were admitted for surgery. The treatment course was then repeated four to six weeks after surgery. 
Statistics
The bidities, including kidney disease, diabetes, leukemia, lymphoma and rheumatism among others. 62 (33.5%) patients had no previous disease. There was a significant difference between the two periods with a slightly higher incidence of cardiovascular and pulmonary disease in period 2, and a higher incidence of other disease types in period 1 (Table 1) . However, the ASA scores did not differ between the groups. Eighteen (9.7%) and three (1.6%) patients had previous BII or BI resection, respectively. One patient (0.5%) had former PGV or gastroenterostomy ( Table 1 ).
The type of resection, surgical technique and radicality are shown in Table 2 .
In 104 (56.2%) patients a distal resection, typically a subtotal gastrectomy was The operative characteristics are shown in Table 3 . This table shows a significant increase in operation time (178 vs 256 minutes) from period 1 to period 2.
A decrease in bleeding (500 vs 300 ml) and the need for peroperative blood transfusion (0 vs 0 ml) and intravenous fluid transfusion (5400 vs 3953 ml), and higher core temperature (35.8˚C vs 36.5˚C) at the end of surgery are all significant differences. Table 3 ). The number of lymph nodes removed was recorded in 172 patients with a median number of 11 (0 -65) lymph nodes removed. There was a highly significant difference between period 1 and 2, with a median number of eight (0 -27) in the first period and 14 (0 -65) in the second period (p < 0.001). A sub analysis of the patients in the second period having surgery with or without D2 lymphadenectomy, also showed a highly significant difference with a median number of 10 (0 -36) in the D1 group and 32 (7 -65) in the D2 group (p < 0.001). The number of lymph nodes with metastases was also recorded in 172 patients, and 89 (51.7%) of these had metastases, with no significant difference between the two periods ( Postoperative complications occurred in 63 (34.1%) patients as shown in Of the 102 patients in the second period, 48 (47.1%) received chemotherapy preoperatively. 37 (36.3%) received three full doses, seven (6.9%) had a dose reduction but finished three courses while four (3.9%) had a reduction in the number of courses. Postoperatively 38 (37.3%) received chemotherapy, 19 (18.6%) had three full courses, seven (6.9%) had reduction of doses while 12 (11.8%) had to abort before finishing three courses. Predominantly capecitabine doses were reduced touphold the chemotherapy intensity in the pre-and postoperative setting. Figure 2 shows the five-year survival curves that demonstrate a significant increased survival rate in period 2 compared to period 1 (p = 0.033).
Discussion
In this study, we have shown a significant improvement in survival rate after implementation of several presumed quality-enhancing measures. There were no significant differences between the groups related to patient and demographic characteristics, tumor characteristics, stage of disease or postoperative complications. However, there were significant differences in operative characteristics between the two periods. An increase in operating time, reduction of bleeding, need for blood and peroperative fluid transfusion and a higher core temperature at the end of surgery are all parameters which may have been affected by the introduction of laparoscopy in the second period. A sub-analysis of these parameters has not been performed, as each of the numbers in this group would be insufficient for reliable results. Only 37 of the 102 patients in this group were operated by laparoscopy. Neoadjuvant chemotherapy was introduced as a result of the findings in the MAGIC trial in 2006 [3] and was incorporated into the national guidelines for treatment of gastric cancer in Norway the same year [10] . Several trials and ongoing studies show promising results regarding survival when introducing perioperative chemo-or radio chemotherapy regimens [12] . However, other studies have failed to reproduce the findings of the MAGIC trial of chemotherapy compared to resection and modified D2 lymphadenectomy alone. This study had a similar design to the current study. However, the surgical technique and the use of MDT-meetings did not differ between the groups compared. The study concluded that no survival benefit of chemotherapy was demonstrated. The authors suggested the effect of chemotherapy might be beneficial when substandard surgery is performed, and have challenged the design and conclusion of the MAGIC study [11] . Several studies have demonstrated survival benefit in D2 lymphadenectomy compared to D1 lymphadenectomy [16] - [21] , which, despite increased morbidity, does not lead to significantly increased mortality [22] . This view has been advocated in Japanese and Korean publications for many years [3] . In western countries, the traditional conception has been that D2 dissection adds minimal benefit to survival, and increases morbidity [23] . However, in recent years, the results from the Dutch Gastric Cancer Trial have made a change in the opinion suggesting that D2 lymphadenectomy should now be the method of choice also in western countries [6] [24] . The use of laparoscopy in gastric cancer surgery has been under investigation. There is growing evidence that laparoscopy is non-inferior to open surgery in the treatment of both early and advanced gastric cancer with regards to oncological out- [9] . The seven recommendations (MDT meetings and thoracoabdominal CT scans, D2 lymphadenectomy, at least 16 lymph nodes, R0 margin should be achieved, nonsurgical management when metastatic disease, low mortality rate should be achieved and quality metrics for lymph nodes, margin distances, perioperative mortality and oncologic outcomes should be met) presented in this paper are in harmony with the standardized practice in our institution. The survival rate increases between the two periods and is comparable to that observed in many western institutions [3] [6] [11] . Our study is limited by two major factors: the sample size and the gradual, rather than abrupt, implementation of the changes. This reduces the power of a meaningful multi-variable regression analysis, which has therefore not been performed. For this reason, we are unable to reliably identify the individual contribution of each the implemented factors. Nevertheless, we strongly believe that it is the combined effect of MDT meetings, neoadjuvant chemotherapy, extended lymph node dissection and meticulous laparoscopic technique which has resulted in the significant increase in survival.
There is a need for further improvement in survival and morbidity for the gastric cancer patients, as this disease still carries a very poor prognosis. We believe improvement of gastric cancer care could be achieved through structured, preoperative conditioning and postoperative rehabilitation, better chemotherapeutic agents with less side-effects, increased proficiency in advanced laparoscopic surgery and tailored treatment based on individual variations in cancer biology. At our department, we will continue to implement necessary changes in the future.
Conclusion
The combined effect of implementation of MDT meetings, perioperative chemotherapy, extended lymph node dissection and laparoscopic technique has improved the prognosis of gastric cancer patients without increasing morbidity.
